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Abstract: 


The main concern of all economic companies is the resources equipping and allocating them 
in different economic sectors with the aim of maximizing profit and minimizing risk. 
Decentralization is one of the important factors that reduce investment risk. The investors plan 
to create investment by carefully planning and collecting sufficient information on the 
economic situation and analyzing the situation of various industries. As an economic 
enterprise, banks are looking for short- and long-term investments in a types of loans ,such as 
bailment of a capital , civil participation, reward, etc, which guarantees the return of their 
capital. In this paper, considering the condition of a bank as an economic enterprise, a model 
is presented which not only increases profit but also reduces risk. Two objective functions 
have been defined that the first objective is to minimize the risk and the second objective 
function 1s to maximize the of the bank profit, which is used by robust programming and Malvi 
Sim model. In this paper, we have investigated the Risky and non-Risky Partfolio and the 
optimal portfolio of bank assets from scenario based solution of the model and by using PSO 
and Genetic Optimization Algorithm. At all levels of confidence and optimal values of risk 
based on the estimation of SPP-CVAR method by Particle Swarm Algorithm (PSA) is less 
than genetic algorithm, which indicates better performance of Particle Swarm Algorithm 
(PSA) than Genetic Algorithm (GA). Also, the optimum wealth obtained from PSA solution 
is higher at all levels of confidence than the corresponding value of Genetic Algorithm (GA), 
and this is another reason to confirm the performance of PSO algorithm compared to the 
Genetic Algorithm (GA). The values of the first goal function, obtained from the PSO 
algorithm, for all confidence levels are lower than those of the genetic algorithm. The optimum 
wealth obtained from PSA is higher than genetic algorithm. At 0.9 level, the value of LR of 
kupiec statistics for the SPP-CVAR method was less than the Chi-square statistics (Critical 
value) which was assumed to be acceptable. 
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Introduction 


Today, compared to various economic sectors, a significant share of the entire economy 
belongs to the service sector and in the service sector, banks, financial institutions and credit 
have a significant and distinguished role. Any activity that requires the acquisition of capital 
and financial resources will undoubtedly require the involvement of economic firms such as 
banks and financial and credit institutions. Banks are an important and effective part of 
business and economic activities worldwide. Most people and institutions use banks to deposit 
or borrow money. Banks play a major role in maintaining public confidence in the monetary 
system through the close relationship they have with the regulatory authorities and 
governments, and the regulations that governments have imposed on them. Therefore, there is 
a great interest in the economic health of banks, especially in the ability to pay commitments, 
liquidity and relative risk to different operations. In the economy, banks can be considered as 
the driving force of other sectors that facilitate commercial and commercial transactions by 
directing and organizing payments, and brokering markets and economic growth. They can 
provide financial support to other economic sectors by collecting surplus and stray capital. In 
other words, banks have an intermediary role between the borrower and the borrower. 
Obviously, the main goal of a bank or any other economic unit, in addition to fulfilling social 
responsibilities, is to increase its value. In order to achieve the main goal of the bank, achieving 
to increase efficiency and productivity, increase market share, increase profitability, growth 
and development are considered. Banks are the economic firms that are rooted in the private 
sector's economy construction, and similar to other production companies in the economy 
under the programme and aim to maximize profits, they can provide their services to an optimal 
level. From the founding and shareholders’ perspective, the bank is a commercial institution 
created to earn profits through monetary and credit transactions. In view of this group the bank 
managers should be aware of the maximum possible interests. In the view of this group, the 
efforts of bank managers should be made to the best interest possible. Therefore investigating 
effective factors in the profitability of banks, due to the increasing size of bank branches and 
increasing growth in private banks and financial and credit institutions across the country, and 
following that participation in the competitive market is now considered a necessity (Awni, 
Leila, 2008). One of the requirements for success in investment is to identify the appropriate 
investment opportunities and allocate resources in those opportunities. One of the investment 
elements is to prevent waste in resources and to select the appropriate stock. Due to the 
importance of banking industry in this research, a robust planning model was proposed to 
design the optimal allocation model of bank resources and reduce risk through parabolic 
decentralization. 


Literature of subject: 


Asset management and debt is considered as the process of evaluation and control of company 
risks to achieve the planned financial goals. This process includes planning, guiding and 
controlling activities of currents, levels and combinations of funds, as well as spending and 
company income, and is involved in financial risks control process. Asset management and 
debt management for all institutions, especially financial institutions, and among them, 
especially banks, have a special place. Managers always want to know with the help of which 
the output can be maximum, control the risk and maximize the wealth of shareholders. In this 
regard, from time to time, it has been tried to present techniques and models in order to identify 
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possible solutions and solutions and help managers in decision making process (Izadi Nia and 
Amou, 2011). Today, banks in all countries' economies play a major role in implementing 
monetary policies and have to develop their own large and operational strategies to participate 
in competition. The banks' mission is based mainly on the principle that they collect stray funds 
from society in the form of deposits and also try to allocate resources as efficient as possible 
in various economic sectors in order to use purposefully-collected resources to achieve 
sustainable development according to the objectives of the State. (Daei Karim zadeh, 2016). 
Property and debt management techniques were developed for strategic planning and 
forecasting income and revenue and modeling based on balance sheets, which represent 
sources and uses. In 2003, the Society of Insurance Experts defined property and Debt 
Management as: Asset management and debt management is the constant process of 
formulating, monitoring and revising strategies related to assets and debts to achieve the 
organization's financial objectives, taking into account the risk deviation and other constraints 
of the organization. Property management and debt is regarded as the process of evaluation 
and control of the company's rows to achieve the financial goals This process includes 
planning, guiding and controlling the currents, levels, and combinations of funds, as well as 
the cost of and company's incomes, with the process of controlling financial and nile spheres 
(Izzyneh et al., 2011). There are a variety of approaches to manage the property and debt, 
which are then summarized: 


Along efficient border: This theory has been used in asset and debt management. 
Using the Average- Variance Static model for asset allocation, companies select their policy on 
the effective border and then clone the output of the required allocation policy to study the 
revenue objectives and the requirements of payment power or reserve (Mehregan et al., 2011). 


Time harmonic current Duration Matching: This approach, called the late approach, 
is an important method for measuring the sensitivity of interest rates of s and debit debts and 
calls the time to access cash flow, debt and finance, and to calculate that time rhythm, in order 
to calculate it, the current value of the assets of the provinces and debt divides them 
(Vaidyanathan, 1999). 


Cash flow and secure: This approach includes ensuring that the static adaptation 
between the light cash flow of assets and the debt commitments made by. Since it is not 
possible to fully adapt, there is another technique called immunisation, which the risk of 
interest rate is able to manage the incomplete compliance of property with debts in a dynamic 
way. The Interest Rate Management (RFR) technique can be extended more than the simple 
approach of the axis (adapting the current value of the time harmonic) (Amenc et al., 2007). 


Redundant: There are two fundamental steps in this method: The first step is to use 
mathematical models to create probable scenarios for all the risk factors affecting assets and 
debts (interest rates, inflation, securities prices, real estate, etc.). The second step is to use 
optimization techniques to find the optimal basket groups. Based on the simulation of probable 
scenario, there is a distinction between three main types of risks affecting the values of finance 
and debt (interest rate, inflation and price of securities) (Da Silva et al., 2013). 


Mathematical program: At least a half-century has passed since the application of 
operational research methods in solving the financial. This method plays an important role in 
adapting new financial theory to financial markets. The main and distinctive feature in 
financial markets is that they are well-defined and. In these problems, the aim is to incorporate 
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profit and minimum risk, and the related variables are readable, and the relationship between 
variables is clear (Kosmidou and Zopounidis, 2004). 


Ideal planning is one of the mathematical modeling methods for asset management and debt 
management and according to its properties, has been considered to be of great interest in 
modeling and solving financial problems. 


The ideal planning is one of the most practical methods of research in operations that was first 
presented by Charnes and Cooper in 1961. In ErmangP planning), the path to simultaneously 
move into multiple targets (even conflicting). Although the marcowitz quaortic planning model 
is the most reliable model for choosing prophylactic bonds, due to computational and technical 
problems and also lack of investor demands in his model, experts have presented different 
models for this choice. Rosen and Zenios (2006) divided the debt-finance management 
strategies in four groups: 


Stationary and single time models 


In this group, the models are protected against the pre-determined changes resulting from the 
current status of interest rates such as interest rates. The stock baskets have been created that 
the investor will be treated in a predictable and acceptable manner (Nagqshineh et al., 2013). 


One-time probabilistic models 


These models describe the distribution of efficiency assets and debts due to random market 
actions. The possible models the risk clearly and quantitatively, but these models are facing 
uncertainty at the end of the one-time period (Izadi et al., 2011). 


Multi-time static models 


A multi-time stagnant environment is where perturbed investors retune over a few periods in 
an environment that is well-defined or where changes are well-defined in the stimulus factors 
of the variable model. However, without risk factor, these models have limited application and 
these models have been replaced by a few-time probable models (Izadi nia et al., 2011). 


Multi-time probabilistic models 


These models allow both property and debt to be shown randomly in the probability 
distribution. Investors may change their aggressive combination over the time of investment, 
and may make decisions contrary to their previous decisions (Izzyneya et al., 2011). 


Bank Resources & Uses 


must have a balanced relationship with the resources to protect the funds that they have 
provided from the deposits, and to invest in a place where, in addition to obtaining surplus 
efficiency on the cost of resources, they must be immediately accountable to customers and 
depositors. According to these interpretations, the banks provide the necessary resources to 
allocate credit to individuals by accepting different kinds of deposits (visit, length, etc.). In 
banking, resource mobilization is of special importance. Attracting resources on liquidity and 
risk management of bank liquidity, facility lending, and consequently, it has a significant 
impact on operational revenues. Therefore, banks need to have a clear analysis of the amount 
of deposits in their as sources and the amount of facilities and applications during the different 
time (Agarana et al., 2014). In the banks, the main and main part of the cost of the payments 
is made to deposits, and the main and main income of the bank is through the lending of the 
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facilities. Since deposits have different rates and interest rates. Since deposits have different 
rates and facilities profit rates are not the same, the combination of different financial resources 
and various combinations of financial uses make different profits for the bank. In other words, 
each complex of sources and uses has a net profit. As an economic enterprise, the bank seeks 
to select the complex of resources and Masafi that considering numerous constraints of policy, 
finance and market, the profits are the most and return of uses to respond to the departure of 
resources at a higher rate (Elhtiari and Alam in Tabriz, 2015). 


BAILMENT OF A CAPITAL 


The agreement stipulates that each profit will be determined in accordance with the agreement 
reached between the bank and the beneficiary of the facilities. The sum of the bank's share will 
be determined by the Monetary and Credit Council, and at the end of the operation, the profits 
will be divided according to the contract between the bank and the agent. Since the bank has 
the right to defend the depositors and lawyers, Article 5 compels the bank to carry out the 
executive instructions that must be examined and investigated as much as needed before the 
contracts have been concluded and to ensure that the principle of the capital and the expected 
profits are restored during the bailment period. The Central Bank announces a rate of expected 
interest for the application of this material only before the granting of facilities, but the profits 
must be made based on the real profit from the bailment operation. If the result of failure is 
detrimental, all the harm will be to the owner of the (depository) capital, and bail 1s to the same 
thing that he has done and has no interest in. Unfortunately, in the Law of Banking Operations 
without Usury, there are conditions that although the law is not legal and jurisprudential, it 
may cause it to gradually deviate from its original path. On the condition that the agent, in the 
course of marriage, is committed to making the necessary (peace) Act, which, if any losses are 
achieved, will be able to prepare it for its own property. This condition indicates that the 
usurless banking system in Iran does not dare to risk if the Code of Action is given to Article 
10 and on the basis of the use of cash money (resources) and its return, as well as the 
implementation of the other operation, it is no longer necessary to add this condition. 


REWARD 


The bank may be both an agent and a paradox, but it usually plays a role in the Iranian banking 
system. Since the structure of Iran's banking system is the same old structure and has not 
changed according to the new circumstances, banks are usually unable to fulfil their obligation 
to implement the case. Therefore, according to article 4 of the executive order of reward, they 
have been allowed to make a contract with a contractor (with the consent and approval of the 
reward) if they are a factor in reward (with the permission and approval of the reward), but 
first they must do a part of the work (the bank) themselves, and second, supervise the 
implementation of the work.One of the issues that can distance reward from its content is that 
banks can transfer the reward to the front by way of lawyers as the agent. According to Nb/15, 
68/3, 18/8/18, 65/18, banks have been banned, but unfortunately, it is observed that despite the 
ban, some banks do this today and make some of the branches superficial. The journal has a 
lot of applications in trade, export and import, production it has. Below, to turn the subject on, 
we only mention and describe one item: One common case is housing repair. According to a 
contract for someone who needs repair, he goes to the bank and asks the bank to repair his 
home. The bank will agree on a certain amount of alzhema after reviewing the expenses and 
the costs of the repair and taking into account the sum of the right. The bank has a duty to 
repair the house itself or contract a contract to repair the house. No objection shall be made to 
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the Convention if such an action is done.At times, however, it is seen that some branches 
provide a specific amount of money to the owner of the house, and he 1s appointed by a lawyer 
to repair the house in place of a bank. The problem here is that people may come to the bank 
and get money from the bank in the name of housing repair and spend money elsewhere. They 
don't own money from the bank, 


CIVIL PARTICIPATION 


Although in the company, each company can share in any proportion, Article 12 of the 
Executive Guidelines for Civil participation obligates banks, which can only contribute to 80% 
of the projects. In civil participation, the minimum expected profit will be determined by the 
Monetary and Credit Council to evaluate the projects and announced to banks. It is worth 
mentioning that the above mentioned rate is only for evaluation of the plan and it cannot be 
considered as a final rate and demanded. For example, banking facilities can be used by civil 
participation to build housing. In this case, a portion of the necessary capital will be shared in 
the building, but since the bank is the attorney of the depositors and is obligated to invest their 
capital in profitable projects, it must be assessed before the company contracts have been 
concluded by bank experts in order to ensure the project's profitability by the Monetary 
Council. If the evaluation results are positive, the bank will conclude a civil partnership 
agreement. After the construction of the bank as a partner, the bank sells its share to its partner, 
and the partner can purchase the bank's share in cash or in installments, and banks have been 
allowed to share their share in installments based on Note 2 of Article 10 of the Civil 
Partnership Executive Guidelines. In civil participation, the banking system has escaped the 
risk (which is the basis of Islamic banking) but to avoid the confrontation with the 
jurisprudential and legal forms it expresses: "The condition is against the contract 
requirements", while accepting the losses incurred by his share, convinced the partner, in 
addition to a necessary contract (usually a peace deal), to prepare the damages from his own 
property. This conception of truth leads to concern that the banking system is gradually turning 
towards superficial. 


The non-risk property is an asset with a low-efficiency but no risk return, so the standard 
deviation of its return is zero and its expected return is equal to its real. In addition, non-risk 
property does not correspond with risk property (zero correlation) or, in other words, it can be 
written for all the Riskii assetspi; f = cov(x1, ,, , or in other words, for all of the Riskii property 
xf = 0. If the price of sale is allowed at the unrisk rate, then it means a positive amount of 
investment in the non-risk property (the non-risk share of the property), and the sale of a 
deposit means a negative share for the non-risk property (Bakyts, 2004). 


A investor in a portfolio has two risk and non-risk assets: w has a risk share in portfolio and 
(1-w) the share of non-risk property. As a result, the prefolic (Rp) yield is defined as : 


Rp = w.R,+ () —w).Rrf (1) 
R, : Return on risky assets 


R,¢: Non-risk asset return, ie risk-free rate 


Journal of Management Studies 


The expected return and standard deviation (ie risk) of the investor's on are as follows: 
2 


E(Rp) = w.E(R,) + () —w).Rep = Rep + w-[E(R,) — Res] 





Op = J wW'.0, + (\ —w).0,, =W. Or (3) 


As stated in the previous section, there is a relationship between risk and return on a portfolio. 
To examine this relationship, one must somehow combine the standard deviation and the 
expected return of a portfolio extracted above. Weight or share (w) should first be written in 
terms of the standard deviation of the portfolio and risk assets: 


VW — p 
Or 


(4) 


W can then be substituted in the portfolio expected return equation: 


Or ee ® [E(Rr)—Rr¢] (5) 
E(Rp) = Rit = . [E(R,) — Rre] = Ree + A On 


The above relationship shows the relationship between risk and return of a portfolio with a 
risky asset and a non-risky asset. Also called the Capital Allocation Line (CAL), this capital 
allocation line is shown in Figure (1). 


E(Rp) 


Capital Allocation Line 


[ER — R:t] 


r 


slope = 





Figure 1- capital allocation line of in the risk-return space (Beckwitz, 2004) 


The capital allocation line shows the relationship between risk and return of a portfolio for all 
possible combinations. In other words, the capital allocation line represents the set of 
investment opportunities of a risky asset and a non-risky asset. The expression E(R,) — Ry is 
the risk surplus value of a risky asset, which is the compensation for accepting the risk surplus 
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o r over a risk-free asset. As a result, the slope coefficient shown below indicates the risk 
reward: 


[E(Rr)—Rre] (6) 
Or 
In fact, the slope of this scale is "extra return for extra risk." For this reason, it is also called 


the "Reward to Volatility Ratio" ratio. The total amount of compensation received for 
accepting the additional amount of risk is equal to: 


[E(Ry)—Rrg] O (7) 
So in general, it that the output of a prefoline is equal to the minimum return (i.e. R;¢) plus the 
risk of additional risk. 


So non-risk property like government bonds (like Treasury Bonds) is called non-risk property 
because a fixed interest rate for the encyclopaements is taken into consideration and is less 
likely to be paid. The efficiency of non-risk asset has zero variance and therefore it is that there 
is no correlation between the other assets. As a result, when combined with a risk property or 
a prefuliu of those assets, change in risk and return will be linear. Since the incorporation of 
non-risk assets into the portfolio the risk and return linearly, this combination is drawn as a 
straight line in the risk-efficiency space (chart 1-2). The line starts from a point where non-risk 
property is weighed in Portuguese 100% and is at a 00% portfolio. 


Portfolio includes multiple risk assets 


In this section, a Portuguese is paid with a few risk assets with no non-risk property. In this 
case, the predominant (R,) yield is defined as: 


Rp = w,R, + WR, E E WrRy = 2 wiRi (8) 


The portfolio's expected return is equal to the total weight of the expected return on all assets: 
E(Rp) = 2 Wi XE(Ri) — {9 


The standard deviation of a portfolio consisting of two risky assets is determined as follows: 





Os =./wio! + wo; + rw\w,0,0-p 
(10) 


(11) 
W, + Wy = ì 


An investor can reduce his risk by increasing the assets in his portfolio. In other words, the 
investor can reduce portfolio risk by diversifying. Based on the risk equation of a portfolio as 
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defined above, the effectiveness of portfolio diversification on its return depends on the 
correlation coefficient (p) of the two assets in the portfolio. 


Influential components on resource equipping and money allocation in modern banking 
- Manpower skills 
- Diversity and quality of banking services 


Physical factors and conditions 

- Location of bank branches 

- Design and beauty of interior and exterior of branches 
- Physical facilities of bank branches 

- Number of branches 


Bank deposits 


One of the most important factors for survival and survival of organizations such as the Bank 
to absorb more financial resources, in other words attracting different deposits and optimal use 
of these resources in the services, trade, industrial and infrastructure of the society. In addition, 
both bank and customer of the bank, and the country's economic wheels are moving. The 
banks, by opening different accounts and taking savings, short- and long-term deposits, hold 
funds as a service for their customers, by using physical labour, pay facilities, direct investment 
and other banking services. One of the most important tasks 1s to fund real and legal individuals 
for investment in various fields and their consumer purchases (Karimi, 2014). 


Risk 


Numerous definitions of the concept of risk in investment have been made. In a definition, the 
capital return is called "investment risk" In general, one can say that, the more the output of 
one asset changes, the more risk the investment. The criteria used to measure the return rate 
changes is standard deviation. Both variance and standard deviation are criteria of scattering 
and they are actually connected (Azar et al., 2013). 


The standard deviation is calculated as: Azar (Azar 2013): 





ie (XK; — X)"P, (12) 





(2-2) (13) 





o = Standard deviation (investment risk index) 
ri = Return on assets 1 


r= Average rate of return on assets 
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pi = Probability of assets 1 


Risk is usually associated with the dispersion of future returns, and dispersion refers to 
variability. Risk is assumed to increase volatility and dispersion, and this is the difference 
between the actual return of a currency and its expected return. In fact, if the return of a 
currency is not scattered and changeable, that currency will be free risk (Azar et al., 2013). 


New portfolio theory 


In this section, first, the optimal portfolio composition based on risk and non-risk assets 1s 
extracted graphically and then this issue will be addressed by algebraic method. The new 
portfolio theory is also called portfolio management theory. This theory emphasizes that one 
of the important concepts that investors should be aware of is the relationship between risk 
and return on financial assets. In other words, as the risk of an asset increases, so does its 
expected return. This means that if an investor accepts more risk, he expects to be compensated 
by having a higher return, and if an investor expects a higher return, he should prepare for a 
higher risk. This section discusses the concept of a new portfolio theory to understand the 
relationship between risk and the expected return on a portfolio of financial assets. First, the 
relationship between risk and return of a particular portfolio is discussed. The three types of 
portfolios that are examined in this section are (Moysey et al., 2012): 


1- A portfolio with a risky asset and a risk-free asset. 
2- A portfolio with two risky assets. 
3- A portfolio with two risky assets and one risk-free asset. 


Risky assets and non-risky assets 


This classification is based on relative conditions, not absolute, risk property and non-risk. It 
should be noted that non-financial assets can be completely non-risk. a non-risk property 1s 
defined as property, which is the lowest risk level between all available and available. In other 
words, it is "free risk" than other available. The Treasury bonds, for example, can be 
considered without risk. Because when the government publishes those bonds due to the tax 
power, under any circumstances can buy back the bonds that have been published before, the 
Treasury bonds are considered inexpensive (Goldfarb, 2014). Non-risk property return rates 
are generally as a risk-free rate. This is an important return for most investors because the rate, 
which is often used as a basic criteria for other financial. A low risk rate shows the lowest level 
of efficiency that an investor expects to reach Obviously, an investor will want higher 
efficiency when he takes more risk (than a non-risk asset). Return (expected) of a risk property 
can be as follows (Ding& Sickles, 2018): 


E(R,) = Ree + [E(R,) — Ry] (14) 


Expected return= a non-risk property (Minimum Compensation) + compensation for additional 
risk (1.e. additional risk value or Risk Premium) in the above-mentioned relationship, the first 
part (zero-risk rate) the minimum of the compensations that an investor can expect to receive 
(or a guaranteed return). The second term measures the difference between the expected return 
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of a risk asset and a non-risk property, which the investor's additional compensation in return 
for higher risk. This dispute is known as a risk increase between the expected return of a risk 
property or the return of a non-risk property (Beckwith, 2004). 


Portfolio includes a number of risk and a non-risk asset 


An effective Portuguese is the selection of the best property compounds that maximize the 
expected efficiency according to the given risk value (Markowitz, 1952). This definition is 
known as the Maxi-Min Criterion an efficient set. In contrast, the "Miny-Max" criteria 
introduce an efficient set as the best combination of assets that variance for a given yield rate. 
For simplicity, a Portuguese that includes two risk assets (1 and finance2) and a non-risk 
property is taken. The investor, depending on what choose the combination of these two assets, 
at a point along the line CALF2. If the investor only selects the property 1 and non-risk 
property, then the capital allocation line will be CALF1. 


E(Rp) in en p 

Fl 
C 
Capital 1 
O 
f CALr 
R, š 
' Capital 2 


Op 


Figure 2 - Capital allocation lines, Source: MIC et al. (2012) 


According to the above chart, an investor will always choose a prophecy that includes the 
property of 1 and non-risk assets. Because the CALF1 line is located above the CALF2 line, it 
means that for a certain level of risk, the investor gets more efficiency from the offspring that 
includes the property of 1 and non-risk property, compared to the launch of the project, which 
includes the property of 2 and non-risk assets 


Given the same argument, the investor will be in a better position if: He decided to invest in 
non-risk assets and a certain combination of assets 1 and 2 (Sabadc). Because the CALC line 
is above the CALF1 Capital Allocation Line. The investor can improve its position by 
changing the combination of | and 2 assets that the capital allocation line to the left. Here, the 
goal is to achieve the best situation through choosing non-risk assets and a combination of 1 
and 2 (prefouliu C) assets. The capital allocation line in this mode is shown as CALO. that the 
tangent of the border is efficient (on the border of efficiency). The investor cannot move the 
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capital allocation line to the left more than this because it will reach inaccessible locations. 
Therefore, profoliu O is an optimal prefolio. In other words, this Portuguese provides the 
investor with the best exchange between risk and return. 


The Fadayi and Ismaili (2016) were considered and prioritizing the factors affecting the 
financing of financial resources in the Mehr Bank of the Economy of Isfahan province, using 
the AHP method statistical population of the research is all managers of the Bank of Economic 
Stamp in Isfahan and 13 of them were selected by purposeful sampling. For data gathering, 
the questionnaire was used and its validity was confirmed by university and banking experts. 
Expert Choicel 1 software (for performing hierarchical analysis) and SPSS 23 (for calculating 
mean) was used for data analysis. The results showed that the Central Bank's policy criteria 
have the largest share, and the criteria of Sharia and Legal Restrictions have the least share in 
decision making. The interest rate of deposits 1s the least effective factor in equipping banking 
resources and quality of services. In "Credit Facility Comment", Abbasian et al. (2016) 
suggested that the State Financial Regulations regulators provide the necessary legal platforms 
to limit the development of centralization and increase centralization in the facility and find 
specialization in one or more sections and a specific industry. Also, the results show that the 
requirement of internal banks to comply with certain minimum capital adequacy ratios and 
capital return leads to reduction of bank credit risk. In this paper, Mahmoudian and others 
(2017) have modeled the good performance of an Islamic bank using the Random Dynamic 
Optimization Model. In this study, considering the characteristics and characteristics of a 
desirable pattern in Islamic banking, we have explained the dynamic random model that is 
appropriate for it. In this way, we can set the optimal path to equip resources at any time of 
time and its performance. At the end of the paper, the model was and, by changing its 
parameters, the sensitivity of optimal paths was studied. The results showed that the model of 
the bank system was sensitive to the different parameters. Bayat and Asadi (2017) have been 
to optimize the stock portfolio by using the Birds Algorithm and the Markowitz model. In this 
study, the birds algorithm and the Markowitz model have been used to select the stock basket 
and a comparison has been done between them. The aim of this study is to introduce a model 
for selecting investors to choose the right portfolio by evaluating that model.Of the companies 
listed on Tehran Securities Exchange, 65 companies were selected for the period of 1388- 
2013. As a sample size, the data was analyzed. For data analysis, data were collected in 
EXCEL software and then classified and performed using MATLAB software. The results 
show that the BIRDS algorithm and Markowitz model have less error in selecting the optimal 
basket of investment than the Markowitz model. The most important proposal for further 
research is to compare the Basair Birds Algorithm (PSO) of Optimizing Models such as 
Colonial Competition, Meta-Heuristics, Arbital Model and...... Compare. Mubaid Ali al-Jarahi 
(2003) described the main features of the Western banking system as a mediator between 
beneficiaries and beneficiaries of funds (borrowers), payment of short-term loans, and non- 
interference in borrowers' work. Langvar (2008) has investigated the effect of the value system 
of customer credit in banks on the bank credits. His results show that some in the banking 
system do not pay them in any way despite the fact that their loans are due and they are even 
willing to pay a late fine, but they will use the money. By implementing the credit rating 
system, these people avoid these activities to re-obtain facilities, and therefore, the money will 
return quickly to the banking system to be used for crediting other applicants. Therefore, the 
other advantage is that customers will have more access to more facilities and in the next stages 
they will try to make repayments on time, because the money will return to the banking system 
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in time. Trabian et al. (2013) evaluated real clients of Sepah Bank with logistics models. In his 
work, a dependent variable of credibility was considered as a Binary (good and bad). The 
source noted that financial resources restrictions are one of the main reasons for the challenge 
of identifying and evaluating the financial ability of customers to pay off the facilities they 
receive. Age, level of education, gender, facility value and bail value are the most important 
parameters in the validation work. The results show that age and education are the most 
important factors affecting customers’ values and credit rating. Other variables have a 
significant relationship with the customer's credit status. Castro (2013) has studied the impact 
of macroeconomic factors on credit strategy in banking systems. Data collected from 1997 to 
2011. In this paper, the relationship between macroeconomic development and banking credit 
strategy in Greece, Ireland, Portugal, Spain and Italy is investigated by dynamic data method. 
The results show that credit strategy is significantly affected by macroeconomic factors. 
Impatience (2014) in a study, examined the impact of macroeconomic risks on credit strategies 
in Serbia banks. The results showed that the critical condition of the exchange rate and business 
cycle caused the banks to lose their lending quality in Serbia. Moreover, statistical evidence 
shows that the higher EGP index has had a significant effect on the quality of mortgage. 
Stefanowitz et al. (2014) have to provide the risk model for the Portuguese. They have 
considered a single-period Forward Stock Optimization (TFPV) model in the uncertainty and 
in this model, they provide criteria for risk based on the mean-variance (ANOVA) method. 
Their results showed that mean variance optimization 1s in accordance with uncertainty in the 
model and this model can be useful to reduce risk. Karimi (2014) has used logistic regression 
and artificial neural network to model the credit risk for Iranian commercial banks. This work 
was done on 316 samples and 5 independent variables. The results of Kramy modeling show 
that the ANN has a better ability to identify incalculable customers than logistics. Credibility 
is considered as an binary variable. The results of Karimi modeling have shown that increasing 
interest rate and repaying delay increases credit risk. The ANN model, in Karimi work, has 
correctly identified about 93% of the clients with malicious accounts and 63% of the clients 
with good accounts. This model was used to validate bank customers. In his study, the Binary 
State-Dependent Variable is considered as good and incalculable. 285 optimistic customers 
and 214 malicious customers were used to make model. The model is based on tagging study 
that at least 30 records are required to build a model and for each independent variable, we 
have 30 to 50 records. In addition, this method should have minimum variables (main 
variables). The parameters in this model are not absolute and are usually measured relative. In 
this work, 16 independent variables were considered. Important variables are: age, reimburse 
debt to the moon, the duration of life in the current place, type of job, amount of credit, other 
debts. Huang et al. (2015) have used DEA hybrid methods and multi-criteria decision making 
methods to select the optimal stock. They conducted their research in Taiwan State Company 
and first ranked companies based on their performance and from them they chose higher 
performance companies and then to select an optimal stock basket in selected companies using 
the DEA method. Dincer (2015) has to select an optimal stock basket in the banking sector 
using AHP and MOORA methods in fuzzy environment. They have carried out their research 
in Turkish banks in Bursa province, and by evaluating the performance of banks by using AHP 
and MOORA methods, they have chosen banks with the aim of minimising risk and 
maximizing profit. Shadkam et al. (2015) in this paper, have investigated the problem of 
portuguese optimization using fuckoo optimization. They the stock exchange based on the 
average and return of companies using flocus algorithm to select the optimal basket of the 
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stock exchange, and they have compared the results of this algorithm with genetic algorithm 
(GA), which has been shown that the FCSE algorithm has a higher ability to produce quality 
solutions. Ke et al. (2015) have been diversifying the risk of assets and optimizing the share 
basket using the genetic algorithm. They used the Marcowitz mean variance model and then 
used the genetic optimization algorithm to solve this multi-objective model. Feng et al. (2015) 
have studied the problem of stock basket optimization based on VAR method and have a mixed 
integer mathematical model, and the model that has been built based on improved steps has 
been by using an innovative algorithm. Balbas et al. (2015) addressed the issue of allocating 
capital in risks and ambiguities. Their model 1s comprehensive in many ways. For example, in 
their modeling, both discrete and continuous times have been evaluated. The paper includes 
four important features, in order to include: The model is more efficient and it is also more 
equitable than the model and it is similar to changing market parameters and using damage 
factors in the non-definite model. Sharma Vipul (2015) has discussed the issue of evaluating 
the performance of the launch based on risk based on different evidence in India This study 
evaluates the performance of risk-based securities in different market conditions. They have 
evaluated four equally-weighted (EW), global minimum variance portfolio (GMV), most 
diversified portfolio (MDP), and Equal risk contribution portfolio (ERC), and their results 
showed that no single strategy, no other strategies under different market conditions. And the 
GMV strategy has a minimum risk and there's evidence that the capital-based porteflio usually 
works better on the market. Bruno and his colleagues (2017) have discussed improperly loans 
and allocation of resources in European banks during the crisis. The aim of this study was to 
investigate the relationship between the quality of prefoline and borrowing in European banks 
in 2005-2014. The results of the approval indicate that there is a negative relationship between 
poor quality of paramount and borrowing, as a higher NPL ratio explains the reduction in loan 
growth and loan allocation for public debt (as a percentage of total assets). OH and Patton 
(2018) have studied the issue of overrisk management. This paper presents a new class of 
Capula-based dynamic models for large-scale conditional distribution that facilitates a wide 
assessment of systematic risk measures. The proposed models work on the successful ideas of 
literature on the modeling of covariance matrices with large dimensions in time variable 
distribution models. Using the Coopola-based models reduces the estimation of the common 
model at different stages of the process the computational burden. The Duke et al. (2018) have 
been working to porteflio, efficiency and risk in different industries of the Association of 
Southeast Asian Nations (ASEAN) and market index for 10 industries in 2007 to 2016, which 
includes crisis cycles, after crisis and natural crises. They used the CVAR method to evaluate 
the risk and determine the weight of different industries in the optimal basket of the shares. 
Zhou et al. (2019) evaluated the banking system by using a three-step data envelopment 
analysis method in uncertainty situations. In this paper, for a comprehensive review of the 
structure. To measure performance over successive periods, this paper developed a multi-stage 
DEA model in which unused assets were transferred to subsequent periods; fixed assets and 
employees’ salaries were identified as common quotas for all three phases and unpaid loans 
were identified using triangular fuzzy numbers as undesirable outputs to reflect credit risk. 
The developed model was used for a case study to evaluate the performance of Chinese 
commercial banks from 2014 to 2016. The results showed that all these banks are generally 
inefficient; however, inefficiencies have occurred at different stages for different types of 
banks. 


Methodology 
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The research method is a set of rules, tools and system methods for investigating the realities, 
discovering the fields and finding solutions to the problems. A study was carried out to prove 
the relationship between variables using statistical tests. In humanities different classifications 
were conducted by the research method. Based on the objective, research method can be 
fundamental, applied or scientific. The purpose of applied knowledge development is in a 
specific field and its practical application (Earth, 2004). The present research method is based 
on the practical objective and the results can be useful for a wide range of managers, 
Shareholders, investors, creditors, researchers and standard formulators. In terms of time, the 
investigation can be an event or future. Generally, if the data 1s related to events that occurred 
in the past, the research plan can be treated as a post-event (Khaki, 2004). This study is 
conducted by using the post-event approach. The post-event method is used when the 
researcher examines the topic after the events. In other words, the researcher uses past data to 
investigate and evaluate hypotheses (Khaki, 2004). Data were collected by using a 
questionnaire. The data were collected and analyzed by using a descriptive, correlation, 
experimental, and causal method. A descriptive study of the methods aimed at describing the 
conditions or phenomena of the investigation. Correlation research includes studies in which 
the relationship between different variables is identified and explained using correlation 
coefficient. In correlation research, the main objective was to determine the type, size and 
value of the relationship between two or more variables (Sarmad et al., 2011). Descriptive 
research method is causal. This is because it aims to describe the conditions or phenomena that 
are studied and to further understand the existing conditions. This study is considered as an 
applied research in terms of purpose. In this regard, applied research is conducted using 
existing methods, tools and models in order to improve the current situation or to improve 
operational productivity. 


Base allocation model 
Multiparticle algorithm 


PSO algorithm is a population-based algorithm which is similar to genetic algorithm (GA- 
GA). However, the method of search in the solution space by these two algorithms is very 
different. The similarities of these two algorithms can be mentioned: 


l. Both algorithms are based on population. That is, at first, a number of members were 
produced and 


They play around the reply space. 
2 Both algorithms use the same function to evaluate the obtained results. 
3, Both algorithms have multiple stages before the completion of the algorithm 


They do. 


- FPM proposed 


As it has been said, in this study, after selecting the bank using genetic algorithm, the model 
has been solved using the PSO algorithm. The general structure designed for the PSO method 
is also discussed. 


Step 1:N the initial solvable solution as the population of response is produced. 
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Step 2: The procedure for improvement applies to the generated responses. 
Step 3: pg and pi become the initial value. 

Step 4: produce an empty set called Pareto archive; Include the K=O counter. 
Step 5: Add a unit to the K counter (K=K+1). 

Step 6: Update particles. 

Step 7: Select the N answer as the next generation answers. 

Step 8: Apply the improvement procedure to the selected answers. 

Step 9: Update pg and pi. 

Step 10: Update Pareto Archive. 


Step 11: If the K counter has reached its maximum value, go to step 12, otherwise go to step 
J: 


Step 12: Report Pareto Archive as output and end. 
- Improvement procedure 


After generating new answers, an improvement procedure is applied to each answer and the 
answers are improved as much as possible. Here, to improve the answers, three neighborhood 
search structures are used as variable neighborhood search (VNS). Neighborhood search 
structures are described individually and their combination as VNS is described below. 


First Neighborhood Search Structure: 


In this structure, two indices 11 and 12 are in the uniform range [1..n] (n number of assets), the 
index t is randomly in the uniform range [1..T] and finally the index s is in the uniform range 
[1..S] (S number of scenarios) is generated. The amounts purchased from assets 11 and 12 are 
then exchanged for period t and scenario s. 


Second neighborhood search structure: 


In this structure, two indices 11 and 12 are in the uniform range [1..n] (n number of assets), the 
index t is randomly in the uniform range [1..T] and finally the index s is in the uniform range 
[1..S] (S number of scenarios) is generated. Then the amounts sold from assets 11 and 12 in 
period t and scenario s are exchanged. 


Third Neighborhood Search Structure: 


In this structure, two indices 11 and 12 are produced in a uniform interval [1..n] (n number of 
votes) and an index s are produced in a uniform interval [1..S] (S number of scenarios). The 
amounts purchased and sold from assets il and 12 are then exchanged for each period and 
scenario s. 


At the end of each of the described operators, the monetary value of the asset and other 
variables are calculated or modified according to the model constraints. 


These three structures are combined as VNS. The proposed VNS structure is as follows: 
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The pseudo-code of our VNS is as follows 
{for each input solution 

K=1 

While stopping criterion is meet do 
New particle=Apply NSS type k 

If new solution is better than then 
K=1 

Else 

K=k+1 

If k=4 then 

K=1 

Endif 

Endif 

Endwhile 

j 


Each of the answers in the population is given to the procedure above and the output answer 
is added to the population as an improved answer. 


As can be seen in the structure above, after applying the neighborhood structure to the 
response, the acceptance procedure is applied to the resulting response and the previous 
response, and one of the two responses is selected as the next VNS iteration response. The 
acceptance procedure works in such a way that it determines and selects the dominant answer 
from two answers, using non-dominated relations. 


To better understand the nature of these relationships, the following key definitions are 
provided. In all definitions, the following minimization model is considered with p as the 
decision variable and q as the objective function. 


min y= OX) (X),. 2 Sy ey)’ 
(15) 


Domination Relation 


In xX, multi-criteria optimization problems, the vector overcomes x, vector if the following 
two conditions are met: 
De A oe Be be oy oe ee 


Fi (x, ) = I, (x, ); Ji E€ {) i q} (17) 
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Therefore, the main goal in such issues is to find a set of points that dominate other points. 


- Particle update 


Here, genetic algorithm operators are used to update the particles. The particle update method 
is as follows (particle is the answer): 


x" = (x; — Pi) +O; — PEt x (18) 


In which, 


x/*' Part i in repetition (generation) t + 1 th 
x; : Part 1 in the repetition of t. 


p; ‘The best answer that particle i has ever reached (up to this generation). 


p, ‘The best answer ever found. 


x; :A neighborhood of x/ generated by the mutation operator. 


‘-°: this is crossover. 

‘+: this is selection. 

In fact, to obtain the 1-th answer in the iteration of t + 1-th, the answer is generated: two are 
x; and p’ results of the intersection operator x/ and p,,, two are the results of the intersection 
operator on x; and one is the result of the actions of the jump operator on. Finally, from these 
5 answers, the one that has a higher quality and dispersion is selected as x/*'. In fact, it is used 
in this formula as p, and p; guide to reach the next iterative answers. 

Tab operator (mutation): The operator of the mutation is derived parallel to the combination of 
the three search structures explained in the previous part. The parallel structure is as: 


Each of the neighboring search structures is applied simultaneously or parallel to the input 
response. Then, the best solution is chosen from the input results and three outputs of the 
neighboring search structures are and as the output of the mutation operator is. It should be 
noted that the best solution with higher quality is based on NON-DOMINATED relations. 


Intersection operator: 


In this work the single point intersection operator is used that is applied to the v_it“s and u_it’s 
variables, so the t-index 1s produced in the uniform [1.T] and the S index in the uniform [1.S] 
range, and then for all assets: 


Child 1: The values of 1 to T and 1 to S of the first parent are taken from the first parent and 
the values of the second parent T+1 to T and S+1 to S are received from the second parent. 


Journal of Management Studies 


Child 2: The values of 1 to T and 1 to S of the second parent are taken from the second parent, 
and the values of the T+1 and S+1 and S+1 to S are handed over to the first parent. 


Finally, the values of other variables are calculated and reviewed based on the new values of 
Vit and ui? variables for both children, considering the limitations of the model and. 


i t 
3.7.1.5. Updating P: and ”: 


For each i-th particle, among the neighborhoods found for this answer, if there is a better 
neighbor than pI, pi is replaced by it, otherwise it remains unchanged. 


Of all the answers found so far, if the best answer is better than pg, pg is replaced, otherwise 
it remains unchanged. 


-Pareto Archive Update 


As previously mentioned, the solution method used in this paper is based on the Pareto archive. 
In the proposed algorithm, a set called the Pareto Archive is considered to hold non-subversive 
(non-dominated) responses produced by the algorithm This set will be updated in each 
recurrence of the algorithm. The manner of update is that the responses produced in the Pareto 
archive are replicated and in a pool of responses, and then, through these responses, the answers 
are selected either at the first level or the same non-conquered answers and are considered as 
the new Pareto archive. The way of the rating is described in the next section. 


- Select the next generation's answers 


In each repetition, the algorithm requires a population of responses. In this study, in order to 
select the next recurrence population, the answers in the population of the replica and the new 
responses produced by the algorithm have been written in the response pool. After the 
evaluation of the congestion criteria for each response, using the B-2002 rule, which has the 
highest quality and the highest dispersion, are selected as the next population. NON- 
DOMINATED relations are used to sort and level answers. At first all, all answers were 
compared using NON-DOMINATED relations and then, the results were considered as the 
first level answers. Then, this method was repeated for the non-commissioned solutions and 
then the subsequent levels of these solutions are determined. The lower the level number of a 
response, the higher the. Therefore, in order to select the results, first surface with lower 
number was. If there is a possibility for selection between the two solutions at the same level, 
the congestion distance criteria will be. The higher the value of this criterion for the answers 
on one level, the priority of that answer is to select higher. 


- Genetic algorithm 


Genetic algorithm is a specific kind of evolutionary algorithms that uses meta-physiological 
techniques such as inheritance and mutation. This algorithm was first introduced in the 
twentieth century. This algorithm is a population-based meta-heuristic algorithm that works 
with a population of the solutions in each repetition every solution in the population is called 
in this chromosome algorithm. This algorithm starts with a population of responses and with 
the use of mutation operators, the intersection and regeneration. Each of the parts of this 
algorithm is briefly described. 
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Initial population generation: 


As mentioned, genetic algorithm is a population-based algorithm. In fact, in every repetition 
or generation, this algorithm works with a population of answers. The size of the population 
must be the same on all the iterations in the algorithm. At the beginning of the operation, a 
population of initial solutions with a parameter in the algorithm must be produced. 


Tab: 


In each iteration of the algorithm, one percentage of the solutions is selected and a 
neighborhood search operator is applied on these responses and it is called a mutation operator 
The number of solutions selected to apply this operator depends on the tab rate. The rate of 
jump is 0-1 and the input parameter is the algorithm. For example, if the mutation rate is 0.2, 
20% of the responses in population will be selected to apply the mutation operator. 


Intersection: 


Another operator of the genetic algorithm is the intersection operator, which is applied to two 
selected answers or two parents and produces two children. The number of answers selected 
for the intersection operator depends on the intersection rate. The intersection rate of a number 
is between 0 and 1 and is one of the input parameters of the algorithm. If the intersection rate 
is 0.6, 60% of the responses in the population on which no operator has ever been applied are 


Renewal: 


A number of responses in the population on which the two mutation and intersection operators 
have not been applied will be passed on to the next generation without any changes. The 
number of these responses also depends on the regeneration rate. 


It should be noted that the sum of the rates of the three operators of the genetic algorithm must 
be equal to 1. 


Parent selection: 


As mentioned in the description of the intersection operator, two answers are selected as 
parents to execute this operator and are given to this operator. There are several ways to select 
a parent. 


Fit function: 
This function is calculated for each of the answers and is a criterion for comparing the answers. 
- The proposed structure of the genetic algorithm 


In this research, in order to solve the model, a genetic algorithm is used, which is designed as 
a combination. In the combined structure of this algorithm, the main structure of the algorithm 
is combined with an improvement procedure based on the variable neighborhood search 
structure (VNS). The pseudo-code of the hybrid genetic algorithm is as follows: 


j 
Step 1: Generate the answerable N as the initial answers of the algorithm. 


Step 2: Determine the jump and intersection rates; Define the counter K = 0. 
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Step 3: Apply the improvement procedure to the initial N answers. 
Step 4: Add a unit to the K counter (K = K + 1) 


Step 5: Depending on the intersection rate, select the parents from the set of answers and apply 
the intersection operator. 


Step 6: According to the jump rate, select the answers from the set of answers and apply the 
jump operator. 


Step 7: N The answer with higher quality and dispersion should be selected from the next 
generation answers. 


Step 8: Apply the improvement procedure to the selected answers. 
Step 9: If the K counter has reached its maximum value, go to step 10, otherwise go to step 4. 
Step 10: Report unsuccessful answers as output and end. 


{- How to display the answer and generate the initial answers 


In the genetic algorithm, the answer is displayed and the initial answers are generated, such as 
the particle mass algorithm. 


- Improvement procedure 


In this dissertation, an improvement procedure is designed that is applied to the answers 
(chromosomes) and improves those answers as much as possible. The improvement procedure 
designed in this thesis is based on variable neighborhood search (VNS). 


The structure of the genetic algorithm improvement procedure is similar to that of a particle 
mass algorithm. 


- Genetic algorithm operators 
Mutation operator: 


In each iteration of the genetic algorithm, a mutation operator is applied to a group of 
chromosomes. The mutation operator used in this paper is the same as variable neighborhood 
search (VNS), which is fully described in the previous section. 


Intersection operator: 


The intersection operator designed in this algorithm is a single point intersection operator. 
After two parents are crossed as input to the operator, two children are generated as two new 
answers. 


In the children (new answers) generated, the model constraints are checked and if the 
constraints are not met, the corresponding values are corrected. 


It should also be noted that the roulette wheel method has been used to select parents. 
Renewal operator: 


This operator transmits all the answers to which the mutation and intersection operator has not 
been applied to the next generation. 
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- Select the next generation answers 


As mentioned, genetic algorithm is based on population and works with N in each repetition 
of the algorithm. In each recurrence, N, which has the highest quality and dispersion, is selected 
and transferred to the next generation. 


In this paper, a model has been proposed based on the minimization of risk and SPP-CVAR 
method. To estimate the SPP-CVAR values, there are different methods that in this study, 
historical simulation method was used. SPP-CVAR estimation model is only useful when they 
can estimate the risk accurately. For this reason, the performance of these models should be 
evaluated and evaluated. 


Table 1. Sample Members list: 


Branch Branch nam 
Branch name 
nam 


Shae ooo 
> [m om 


Qom 


7o pow 26 FRc 
8 Bandar Abbas Mashhad 


Birjand Yasouj 
29 


== ——$ 
Rasht Argentina Branch 
13 32 
Zahedan Keshavarz Boulevard 
14 33 
Zanjan Tajrish 
15 34 
Sarl Central Branch 
16 45 
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Semnan Mirdamad 


Sanandaj Kish 


Shahr e Kord Chabahar 





After determining the list of bank branches, using particle mass algorithm and genetics, the 
model is solved and the optimal pattern of financial resource allocation is explained. 
Population size parameters, number of repetitions of variable neighborhood search and number 
of replication algorithms in particle mass method and parameters of population size, jump rate 
and intersection rate and number of replication algorithms in genetic algorithm are among 
these parameters. To set the parameters of the algorithms, the values of each of these 
parameters are examined in three levels. 


Stable planning model of bank resource allocation 


A) Indices and model parameters 

N: number of assets and 1 asset index 

T: number of courses studied and t course index 
S: Number of scenarios and sen Scenario Index 
Proben: Probability of occurrence of sen scenario 


rj: The return on the i asset in period t under the sen scenario where this parameter represents 
the components of the Y vector in SPP-CVAR calculations. 


Cpuy: Transaction costs arising from the purchase of assets at the beginning of the period. 


Csel: Transaction costs arising from the sale of assets at the beginning of the portfolio period. 
rı: lending rate 

rp: borrowing rate 

Wo: The initial wealth of the bank at the beginning of the period 

A: Confidence level 

B) Model variable 


x": The monetary value of asset i is initially period t under the sen scenario 


vè”: The amount purchased from asset i at the beginning of period t under the sen scenario 


urt”: The amount of asset sales i at the beginning of period t under the sen scenario 


b?°": The amount of money borrowed at the beginning of period t under the sen scenario 
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w;°": Bank wealth at period t under the sen scenario 
Weight: Optimal weight for period t 
C) MAtematical model 


The objective function is based on the SPP-CVAR model and minimization of Fb(X,a,sen) is 
considered for each sen scenario. 


S T 
minz\ = ». PrOb.en ». weight,Fe(X, a, sen) 


sen=' t=' (19) 
5 

MAX zt = > Prob.enWr ” (20) 
seni 


The first objective function is to minimize risk (Equation 19) and the second objective function 
is to maximize the bank's wealth at the beginning of the final planning period (Equation 20. 


Consraints: 


N 
sen (21) 

ye + Cyny)Vj. + X2P" = w, + Bre” Vsen 

i=" 


(22) 


Constraints (21) is the constraint of budget in zero time and states that the total initial 
investmetns of the bank should eb equal to initial welth or budject. 


(23) 
sen .. „SEn sen sen ,5en 
xi” = (y + FE (Fe, — use, + VEZ.) Vsen 


(24) 
xS = (y + 7) (x) — be" Vsen 


Journal of Management Studies 


rien = (\ + n(x + X + Csen Uit By + Chuy) Vit s )- bii (25) 


[=i 


X (\ + rp) + be" Yvsen,t = YT, T —\ 


a a E (ee sen 4 X — Cse UiT DY + cnoi") (26) 


=} 


— be" X() + Ta) Ysen 


Constraint (24) shows the cash flow in t period. 


sen — .. sen ko 4 ¥ — 27 
> x = w Wsen,t = \,',...,T — 1 (27) 


{= 


Constraint (26) calculates the accumulated wealth at the end of the t-th period under the sen 
scenario. 


y(wer— 1)? wer >A 


weight, = - Ret 
= Crover =)” wE ST = 


The (27) limit the bank's utility. invariantl, invariant, y and are the parameters that are asked 
for the bank and calculate the weight of each period by the following function and by the value 
of the wealth obtained from the previous period. Using this relationship, at first the bank 
identifies some wealth as standard wealth in the form of a parameter. Then in each period, the 
bank's interest in planning will change to the size that is lower than or higher than the standard 
value. 


As mentioned at the beginning, in this paper, we are looking to provide a robust optimization 
model, then based on the developed mathematical model, we. 


Suppose zsen is the target function value for the sen scenario. 


In this research, Malawi Wired model was used to plan , and according to this method, the 
optimal planning model will be as follows: 
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5 T 
minz\ = 2 Probsen Y weight,Fg(X ,a, sen) 
se@n=' =i 
t (29) 
+6 X PTODsen (Dren + Dren. 
sen=) 
MAX zY = 5 probd.e,Wr +4 X Prodsen(Dsen + Deen) “a 
sen="' sen=' 

Constraints 
Sc + Chuy) Up + x28" = w, +b" Wsen (31) 
{=i 

xe” = (y + reen )(xfe™, — ujit, + vigt, ) vsen 


(32) 
i = (1 + r(x") — bee" Wsen 


N N 
xee SGT) (= —\ + xe + Cre Ue, — xe + envir" ) eri 


i= L=i 


x(Ci\+7r,) + dF" Vsen,t =1,7,...,T — 1 (33) 


N N 
xT = (1+) (= + So + Csen UT) -X0 + cous) (34) 
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weight, = f ; ken ) a ARR (36) 
—y(wes E T) Wi <= T 
T T 
» weight:Fge(X, a, sen) — proben > weight,Fe(X,a,sen) 
t= i t= i 
— mt 4- 
= Dion + Deen VWsen (37) 
w#°" — probsenWp”' = Ølen + Den Veen (38) 


GAP (relative deviation percentage) is used for analysis. The method of its calculation is 


| ale _,— best 

GAP = ( = =")x 100 
best 

shown below: 


algsoi : The value of the objective function obtained by combining the desired parameters. 
bestsoi : The best value of the objective function obtained from the execution of the algorithm. 


In fact, the problem is executed for each of the mentioned combinations in the relevant tables 
and the GAP criterion for each algorithm is calculated and finally the corresponding diagram 
is drawn. 


The cost of sales for the years under review is shown in Table (2). 


Table 2 - The cost of buying and selling assets 
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cost 
Cbuy ‘Transaction costs arising from the 123 
purchase of assets 


7 7 


As mentioned, particle mass and genetic algorithms were used to solve the model. These 
algorithms were implemented separately for the SPP-CVAR risk estimation function for 
confidence levels of 0.9, 0.95 and 0.99. 


Table 3- Model solution results 





wage 
Csel] :lransaction costs arising from the 
sale of assets 


The lending rate is 0.18 and the lending rate is 0.12. 


1.056 1.055 1.103 
5.655 5.113 3.475 
102387 102031 100694 


1.112 1.112 1.198 


l 6.722 6.402 4.869 
| 84055 
a 85631 84059 


As observed in table (3), in all levels of confidence and the optimal risk values, based on the 
estimation of SPP-CVAR method by the particle size algorithm, the PGA algorithm is lower 
than genetic algorithm, which indicates the PSO performance better than genetic algorithm. 
Also, the optimum wealth obtained from PSA is higher at all levels of confidence than the 
corresponding value of genetic algorithm (GA), and this is another reason to confirm the 
performance of PSO algorithm compared to the genetic algorithm (GA). 
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Figure 2. Comparison of the value of the first objective function of the two solving algorithms 
based on the value of SPP-CVAR 


As shown in Figure 2, the values of the first objective function obtained from the particle 
mass algorithm for all confidence levels are less than the corresponding values obtained 
from the genetic algorithm. 














Figure 3- Comparison of the value of the first objective function of the two solution 
algorithms based on the value of the second objective function (final wealth of the bank) 


As shown in Figure (3), the optimal answer obtained from the PSO algorithm in relation to the 
second objective function is better than the corresponding value obtained from the genetic 
algorithm. In other words, the optimal ultimate wealth of the particle mass algorithm is greater 
than the genetic algorithm. 
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Figure 4- Comparison of execution time of two algorithms 


Also, a comparison of the execution times of the algorithms in Table (3) and Figure (4) shows 
that the particle mass algorithm time for the confidence level of 0.9, 0.95 and 0.99 is less than 
the execution time of the genetic algorithm. 


Tables (1-4) to (4-10) also show the optimal amount of buying and selling assets in each 
scenario. 


Table 4-1 - A - Amount of purchases (receivables from banks and government - accounts 
receivable - receivables from subsidiaries - tangible and intangible fixed assets and other 
assets) under scenario 1 


2014 2015 2016 2017 2018 
industry and 74 
= 

e o 9a a os — 
Chemical and 

SS ee a ee 
Technical and 
engineering 47 88 93 14 
Services 

Table 4-1- B- Sales amount (facilities) under scenario 1 





mowe [30 TE 
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Table 4-2- b- Sales amount under scenario 2 
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Table 4 -3- b- Sales amount under scenario 3 





Table 4 -5- A- Purchase amount under scenario 5 
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Table 4-6- A- The amount of purchases under scenario 6 
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Table 4-7- b- Sales amount under scenario 7 





Table 4-8- A- Purchase amount under scenario § 


Table 4-8- b- Sales amount under scenario 8 
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Bental and Marguerite (2000) solidly modeled the problem of multi-period stock selection. 
Satisfies what uncertain market prices will accept in the future. 


Table 5-1 a- Purchase amount (receivables from banks and government - accounts 
receivable - receivables from subsidiaries - tangible and intangible fixed assets and other 
assets) under scenario 1 
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1064 | 1064 1073 1041 1085 |1056 1067 1075 1000 
57 15 00 14 17 37 23 62 86 

E vi n a 7" 1014 | 1047 | 1011 | 9956 | 1046 
E 1006 | 1051 | 1004 1028 | 1051 | 1053 | 1050 | 1040 

64 75 04 40 83 00 24 53 02 
ran 1018 | 1031 | 1002 | 1055 | 1054 | 1081 | 1032 | 1034 

38 46 31 78 30 36 03 75 
Cano | 1004 | 1076 | 1052 | 1003 | 1003 | 1034 1050 | 1045 | 1051 

| 37 10 38 10 86 96 43 16 15 


Table 7- Kopik test results 





pooo p 
ee 


Conclusion and suggestion: 





The aim of this study is to design an optimal bank resource allocation model and reduce risk 
by dissociating the Perv. In order to achieve this, the objective functions are defined to 
minimise the risk and maximize the wealth. Moreover, the robust optimization model has been 
used by both particle and genetic algorithms. Moreover, for estimation of SPP-CVAR values, 
there are different methods which in this study, the historical method was used for estimation. 
The statistical population of the research included all branches of a bank in 2014-2018, which 
includes 38 branches In order to collect the necessary data, the Financial Audit Analytics 
Method was used. 
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The following are: 


At all levels of confidence (0.9, 0.95 and 0.99) and the optimal risk values are based on 
the estimation of SPP-CVAR method using particle size algorithm (PGA), which shows the 
PGA algorithm performance better than genetic algorithm. 


The values of the first goal function, obtained from the PSO algorithm, for all 
confidence levels are lower than those of the genetic algorithm. 


o The PSA time for the confidence level of 0.9, 0.95 and 0.99 is less than the time 
since the genetic algorithm was implemented. 


For three levels of 0.9, 0.95 and 0.99, the value of the LR peak value for the SPP- 
CVAR method is less than the Chi-method, which can be considered acceptable. The historical 


simulation method at two levels of 0.95 and 0.99 has an appropriate assessment for SPP- 
CVAR. 


Applied suggestions 


Banks are offered to pay attention to property, capital, income, operational profits and 
soudis for investment and shopping. 


The are offered to help the branches, experts and experts, and to invest according to the 
scientific results. 


Bank managers and shareholders are to restructure their mission and strategic 
objectives and improve their strategic plan by studying policy research and successful global 
banks. These banks will take the necessary measures to increase their growth, profitability, risk 
management and increase their market share. 


Suggestions for future research 
From other algorithms such as whale, SPEA-II, DE, COA, etc. use to optimize. 
Increase the time period of research. 


It is suggested that the same investigation with other private and government banks 
operating in Iran In addition, the results were compared with the results of this study. 


It is recommended that factors affecting the quality of services are identified and 
prioritized using fuzzy analysis. 


Identification and investigation of other factors affecting equipping and allocating 
resources such as facilities rate, gold and coins rate, deposit rate and inflation rate, internal 
environment of branches and information technology in bank 


Investigation of interest rate of bank branches based on available resources and 
facilities and compare it with other government and private banks 


Investigation of the role of intellectual capital, expertise and skills of employees in 
equipping and allocating banking resources 


Comparison of successful and unsuccessful branches of bank in equipping and 
allocating bank resources and identifying the factors affecting the success of branches 


10. 


1 


— 


12. 


Journal of Management Studies 


References 


Sadeghi Laghreh, Fatemeh; Seyed Javad Mir Abedini and Ali Harunabadi, 2015, Presenting a 
Method for Validation of Bank Customers Using Data Mining Techniques, International 
Conference on Applied Research in Information Technology, Computer and 
Telecommunication, Torbat Heydariyeh, Khorasan Razavi Telecommunication Company. 


Azar, Adel. Khosravani, Farzaneh. Jalali, Reza (2013). Application of Data Envelopment 
Analysis in Determining the Portfolio of the Most Efficient and Inefficient Companies Listed 
in Tehran Stock Exchange, Management Research in Iran, Volume 7, Number 1, pp. 1-12. 


Ghasemi, Ahmad Reza and Tahereh Donyaei Harris, 2015, Customer Credit Risk Assessment 
with Self-Manufacturing Mapping Tool (Case Study of Cooperative Development Bank), 
International Conference on Management, Economics and Humanities, Turkey - Istanbul, Ilia 
Capital Ideas Managers Company. 


Mousaviyan, Seyed Abbas, Abolhassani Hastiani, Asghar, Hassani Moghadam, Rafi (2014). 
Determining the optimal share of exchange and partnership contracts in interest-free banking. 
Quarterly Journal of Islamic Economics. 14 (53): 98-85. 


. Dehmordeh, Nazar, Shahraki, Javad; Saifuddinpour, Samira (2012). Using Credit Scoring 


Models for Credit Risk Management (Case Study: Sepah Bank Branches in Zahedan). Master 
Thesis, Sistan and Baluchestan University. 


Abedi, Rahim; Hassan Khodavisi and Vahideh Sanatgar (2015). Optimal Allocation of 
Financial Resources of Tejarat Bank with Emphasis on Granting Facilities through Linear 
Planning, 3rd International Conference on Applied Research in Management and Accounting, 
Tehran, Shahid Beheshti University. 


Kiqbadi, Amir Reza; Khodami, Wahid (2013). Data Mining Data Mining for Granting 
Financial Facilities, Financial Accounting and Auditing Research, Volume 5, Number 17, pp. 
179-211. 


Naghshineh, Nader; Hanifi, Farhad; Kordloui, Hamidreza (2013). "Management of bank assets 
and liabilities through multi-objective linear planning with economic simulation (Case study: 
Bank x)". Journal of Financial Engineering and Portfolio Management, No. 14, pp. 1-40. 


. Izadi Nia, Nasser; Kandahari, Mahsa; Abedini, Ahmad; Moradi, Ahmad (2011). “Overview of 


Asset and Debt Management". Accounting and Financial Management, No. 8, pp. 16-33. 


. Kordrostami, Sohrab; Amirtimuri, Alireza; Masoomzadeh, Atefeh (2013). Designing the 
model of optimal allocation of resources in banks using models of production systems with 
parallel production lines. Investment Knowledge, Volume 2, Number 5, pp. 163-178. 


. Pourzarandi, Mohammad Ibrahim; Alborzi, Mahmoud; Hosseinzadeh Lotfi, Farhad; Shahriari, 


Majid (2013). Mathematical model to predict and optimize the structure of assets And debts 
in the banking system. financial engineering and securities management, 15, P. 78-51. 


Ghobadi, Nasim (2014). Investigating the optimal allocation and composition of the bank's 
resource and expenditure portfolio based on profitability in the management of Kermanshah 
Agricultural Bank branches. Master Thesis, Islamic Azad University, Central Tehran Branch. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Zi; 


22; 


23: 


24. 


Journal of Management Studies 


Mehregan, Mohammad Reza; Daqiqi Asli, Alireza; Qalibaf Asl, Hassan; Malekian, Leia 
(2011). "Designing a Mathematical Model of Asset and Debt Management Using Ideal 
Planning in Iranian Insurance Companies". Journal of Insurance, Volume 27, Number 1, pp. 
101-122. 


Maskini, Saeed and Rasool Chavoshi Rad (2015). Investigating the Factors Affecting 
Equipping and Allocating Bank Resources in Bank Branches (Case Study: Parsian Bank 
Branches in Tehran Province), International Conference on Management Economics and 
Social Sciences, Spain, International Center of Academic Communication (ICOAC), 
Universitat Autonoma De 


Makian, Seyed Nezamuddin, Sadrabadi, Alireza and Sarlak, Abdolreza (2010), "Determining 
the optimal pattern of allocation of bank facilities using fuzzy logic in terms of risk conditions 
(Case study: Tehran Agricultural Bank facilities)", Economic Policy, Second Year, No. 4, pp. 
82-57. 


Malekinia, Nahid, Ardabili, Mohammad Hassan and Alam Tabriz, „Akbar (2010), "Study on 


reducing the level of credit risk using the optimal loan portfolio model in Ardabil Saderat Bank 
branches", M.Sc. Thesis, Shahid Beheshti University, Faculty Science, management and 
accounting. 


khtiari, Mustafa; And Alam Tabriz, Akbar (2015). Financial Management Perspective, No. 12, 
pp. 135-158. 


Torabi, Rezvan and Hamzeh, Mehdi (2015). Designing an optimal model for combining the 
portfolio of facilities granted by Mehr Eghtesad Bank. 3rd International Conference on 
Management of Challenges and Solutions, Shiraz, Conference Center for Scientific 
Conference. 


Daei Karimzadeh, Saeed (2016). Optimal combination of participatory facilities of Iranian 
commercial banks in economic sectors using ultra-modern portfolio theory. Asset 
Management and Financing, Year 4, Volume 4, pp. 17-29. 


Fadaei, Mahdi; And Ismaili, Hujjatullah (2016). Prioritization of effective factors on financing 
in Mehr Eghtesad Bank of Isfahan province by AHP method. Development Economics and 
Planning, Volume 5, Number 2, pp. 75-98. 


Movahed, Ali Asghar; Abu al-Hassani, Asghar; Pourkazemi, Mohammad Hussein; Mousavi 
Jahromi, Yeganeh (2017). Designing an optimal resource allocation model in the Iranian 
banking system. Economic Modeling, Volume 11, Number 40, pp. 115-136. 


Rai, Reza; Mohammadi, Shapur; Ali Beigi, Hedayat (1389). Stock portfolio optimization with 
half-variance mean approach and using harmonic search method. Management Studies in Iran, 
Volume 15, Number 3. 


Bahri Sales, Jamal; Pak Maram, Asgar, Walizadeh, Mustafa (2018). Selection and 
optimization of stock portfolio using Markowitz mean variance method using different 
algorithms. Financial Knowledge of Securities Analysis, Volume 11, Number 37, pp. 43-53. 


Roodposhti rahnama, Fereydoun; Sadeh, Ehsan; Shams, Mirfeiz Fallah; Ehtesham Rathi, 
Reza; Jalilian, Jamil (2018). Solving the problem of optimizing the stock portfolio of private 


25. 


26. 


2T: 


28. 


29. 


30. 


31. 


32: 


a: 


34. 


35. 


36. 


Journal of Management Studies 


companies in data shortage conditions using the bee cloning algorithm (ABC). Financial 
Engineering and Securities Management, Volume 9, Number 35, pp. 77-104. 


Bayat, Ali; Asadi, Lida (2017). Stock portfolio optimization using the birds algorithm and 
Markowitz model. Financial Engineering and Securities Management, Volume 8, Number 32, 
pp. 63-85. 


Pak Maram, Asgar; Bahri Sales, Jamal; Walizadeh, Mustafa (2017). Selection and 
optimization of stock portfolio using genetic algorithm, using Markowitz mean-half variance 
model. Financial Engineering and Securities Management, Volume 8, Number 31, pp. 19-42. 


. Salahi, Muhammad (2011). Investigating and prioritizing the factors affecting the credit 
rating of bank customers using AHP method (Case: Sina Bank). Master Thesis, University of 
Tehran. 


Norifard, Yadala; Aqam Mohammadi, Ahmad; Khajavi, Mohsen (2011). "Evaluation of 
financial structure and cost of financing Parsian Bank". Organizational Resource Management 
Research, First Year, No. 2. 


Greuning, Hennie van. Bratanovic, Sonja Brajovic. (2009). Analyzing Banking Risk: A 
Framework for Assessing Corporate Governance and Risk Management. World Bank 
Publications. 


De Nicolo, G. & Loukoianova, E. (2007). Bank Ownership, Market Structure and Risk, IMF 
Working Paper No. 07/215. 


Swiderski, B.,aw Kurek, J., Osowski, S., 2012. Multistage classification by using logistic 
regression and neural networks for assessment of financial condition of company, Decision 
Support Systems, PP. 539-547. 


Vaidyanathan, R., 1999. Asset-liability management: issues and trends in Indian context. Asci 
Journal Of Management, 29(1), pp. 4-39. 


Amenc, N., Martellin, L._ and Ziemann, V., 2007. Asset-liability management decisions in 
private banking. EDHEC Risk and Asset Management Research Centre. 


Beckwith, J. (2004). Stock Selection in Six Major Non-U.S Markets, Journal of Investing, 
Vol. 10, No. 2 , PP. 37-44. 

Da Silva , Marcos Soares, Divino, Jose Angelo, 2013. The Role of Banking Regulation in an 
Economy under Credit Risk and Liquidity Shock, North American Journal of Economics and 
Finance, Available at SciVerse ScienceDirect. 


Rosen, D. and Zenios, S. A..( 2006). “Enterprise-Wide Asset and Liability Management”. In 
Handbook of Asset and Liability Management, Volume 1: Theory and Methodology, Chapter 
1, edited by S. A. Zenios and W. T. Ziemba. Amsterdam: Elsevier. 


37. 


38. 


39. 


40. 


4l. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


Journal of Management Studies 


Agarana, M.CH., Odetunmibi, O., Sheila Amina, B. (2014). Optimization of bank loan 
portfolio management using goal programing technique. International Journal of Research in 
Applied, Natural and Social Sciences IMPACT: IJRANSS) ISSN(E): 2321-8851; ISSN(P): 
2347-4580 Vol. 2, Issue 8, 43-52. 


Molyneux, P, Thornton, J., 2011. Determinants of European Bank Mobilization and Allocation 
: A Note. Journal of Banking and Finance 16 (6),1173—-1178. 


Abhiman Das, Subhash C. Ray, Ashok Nag.(2009).’’Labor-use efficiency in indian banking: 
A branch -level analysis”, Omega, Vol.37 , Issue 2, April 2009 , pp 411-425. 


Weimin Chen, Guocheng Xiang, Youjin Liu, Kexi Wang.(2012)."Credit risk Evaluation by 
hybrid data mining technique". Hunan University of Science and Technology, Xiangtan 
411201, China. pp. 194-200 

Bessie, J.( 2010).Risk Management in Banking. Chic ester: John Wiley and Sons. p. 821. 


Moysey, Stephen and jonathanit, t, Finch, 2012, Strategic portfolio management(How 
governance and financial discipline can improve portfolio performance), 


Wwww.pwc.com/structure. 
Tuovila, H. (2016). Optimised Strategies for Dynamic Asset Allocation. 


Noura Metawa, M.Kabir Hassan, Mohamed Elhoseny, Genetic Algorithm Based Model For 
Optimizing Bank Lending Decisions, Expert Systems With Applications (2017), doi: 
10.1016/j.eswa.2017.03.021 


OH, D.H., PATTON, A. (2018). Time-Varying Systemic Risk: Evidence From a Dynamic 
Copula Model of CDS Spreads. Journal of Business & Economic Statistics, VOL 36, NO 2, 
PP:181-196. 

Sobreira, N., Louro, R. (2019). Evaluation of volatility models for forecasting Value-at-Risk 
and Expected Shortfall in the Portuguese Stock Market. Finance Research Letters, doi: 
https://doi.org/10.1016/).frl.2019.01.010. 

Zhou, X.; Xu, Z.; Chai, J.; Yao, L.; Wang, S.; Lev, B. Efficiency evaluation for banking 
systems under uncertainty: A multi-period three-stage DEA model. Omega, Volume 85, June 
2019, Pages 68-82. 


Karimi, A. (2014), “Credit Risk Modeling for Commercial Banks”, International Journal of 
Academic Research in Accounting, Finance and Management Sciences, 4(3), 187-192. 


Tabagari, S. (2015), “Credit Scoring by Logistic Regression”, (MS), Uuniversity of Tartu. 


50. 


51. 
2: 


5 


oS) 


54. 


55. 


5 


ON 


FI. 


58. 


59. 


60. 


6l. 


62. 


63. 


64. 


6 


N 


Journal of Management Studies 


Torabian, A. and K. Azizi (2013), “Credit Scoring of Real Customers: A Case Study in Saderat 
Bank of Iran”, European Online Journal of Natural and Social Sciences, 2(3), 2725-2735. 


Retrieved from www.european-science.com. 


D. Goldfarb, G. I. (2014). Robust Portfolio Selection Problems. INFORMS, 1-38. 

Ding, D., C.Sickles, R. (2018). Frontier efficiency, capital structure, and portfolio risk: An 
empirical analysis of U.S. banks. BRQ Business Research Quarterly, Volume 21, Issue 
4, October-December 2018, Pages 262-277. 


. Beckwith, J. (2004). Stock Selection in Six Major Non-U.S Markets, Journal of Investing, 


Vol. 10, No. 2 , PP. 37-44. 


Arsalan, O., Florackis, C., & Ozkan, A. (2006). The Role of Cash Holdings in Reducing 
Investment—Cash Flow Sensitivity. Emerging Markets Review 7(4) , 320-338. 

Fazzari, S., Hubbard R. G, and Peterson B, (1988)Financing Constraints and Corporate 
Investment, Brookings Papers on Economics Activity, 141-195 


. Castro, V. (2013). Macroeconomic determinants of the credit risk in the banking system: The 


case of the GIPSI. Economic Modelling, 31, 672-683. 

Imbierowicz, B, Rauch, C. (2014), the Relationship between Liquidity Risk and Credit Risk 
in Banks, Journal of Banking & Finance, 40(1), 242-2 

Mehmed Ganić (2014), Bank Specific Determinants of Credit Risk - An Empirical Study on 
the Banking Sector of Bosnia and Herzegovina. International University of Sarajevo (IUS), 
Faculty of Business and Administration.September 4, 2014 

Olawale Samuel Luqman. (2014). The Effect of Credit Risk on the Performance of 
Commercial Banks in Nigeria. SSRN Electronic Journal, 1-18 


Yang, Y. (2007). “Adaptive credit scoring with kernel learning methods.” European Journal 
of Operational Research, 183. 

A.Ben-Tal, T. Margalit, A. Nemirovski (2000). Robust Modeling of Multi-Stage Portfolio 
Problems, 50-72. 

Abid, F., Leung, P.L., Mroua, M., Wong, W.K. International Diversification Versus Domestic 
Diversification: Mean-Variance Portfolio Optimization and Stochastic Dominance 
Approaches. J. Risk Financial Manag. 2014, 2, 45-66. 

Balbas, A., Balbas, B. and Balbas, R., Good deals and benchmarks in robust portfolio 
selection, European Journal of Operational Research, 250(2), (2016), 666-678. 

Bednarek, Z., Patel, P. (2018). Understanding the outperformance of the minimum variance 
portfolio. Finance Research Letters 24 (2018) 175-178. 


. Bevilacqua V., Pacelli V., Saladino S. (2011) A Novel Multi Objective Genetic Algorithm for 


the Portfolio Optimization. In: Huang DS., Gan Y., Bevilacqua V., Figueroa J.C. (eds) 
Advanced Intelligent Computing. ICIC 2011. Lecture Notes in Computer Science, vol 6838. 
Springer, Berlin, Heidelberg. 


66. 


67. 


68. 


69. 


70. 


71. 


az. 


73. 


74. 


75. 


76. 


TJ: 


78. 


79. 


80. 


8l. 


82. 


83. 


Journal of Management Studies 


Cauwet, M.L., Liu, J., Rozière, B., Teytaud, O. Algorithm portfolios for noisy optimization. 
Annals of Mathematics and Artificial Intelligence, February 2016, Volume 76, Issue 1, pp 
143-172. 

Dimitris Bertsimasa, D. P. (2008). Robust multiperiod portfolio management in the presence 
of transaction costs. Computers & Operations Research, 3-17. 

Dincer, H. (2015). Profit-based selection approach in banking sector using Fuzzy AHP and 
MOORA method. Global Business and Economics Research Journal, 4(2): 1-26. 

Ding, D., C.Sickles, R. (2018). Frontier efficiency, capital structure, and portfolio risk: An 
empirical analysis of U.S. banks. BRQ Business Research Quarterly, Volume 21, Issue 
4, October-December 2018, Pages 262-277. 

Duc V.H., Thach P.N., Thanh Trung P.V., Loc T.M. & Thang N.C., Risk, Return and Portfolio 
Optimization for Various Industries in the ASEAN Region, Borsa istanbul Review (2018), 
doi: https://doi.org/10.1016/j.bir.2018.09.003. 

Feng, M., Wachter, A., & _Staum, J. Practical algorithms for value-at-risk portfolio 


optimization problems. Quantitative Finance Letters , Volume 3, 2015 - Issue 1. 
Georgiev, Boris (2014), Constrained Mean-Variance Portfolio Optimization with Alternative 


Return Estimation, Atlantic Economic Journal Volume 42, Issuel, pp 91-107. 

Goldfarb, D., G. Iyengar. 2003. Robust convex quadratically constrained programs. Math. 
Programming Series B 97(3) 495-515. 

Hammoudeh, SH., Santosb, P.A., Al-Hassanc, A. (2013). Downside risk management and 
Vak-based optimal portfolios for precious metals, oil and stocks. North American Journal of 
Economics and Finance, 25: 318-334. 

Horn, D., Schork, K., Wagner, T. Multi-objective Selection of Algorithm Portfolios: 
Experimental Validation. Parallel Problem Solving from Nature — PPSN XIV, Volume 9921 
of the series Lecture Notes in Computer Science pp 421-430, Date: 31 August 2016. 

Huang, J.-J. and So, L.-C. (2018) Application of Copula-GARCH to Estimate VaR of a 
Portfolio with Credit Default Swaps. Journal of M a thematical Finance , 8, 382-407. 
JACOBS, B., N. LEVY, K. A Comparison of the Mean -Variance-Leverage Optimization 
Model and the Markowitz General Mean- Variance Portfolio Selection Model. The Journal of 
Portfolio Management, Fall 2013. 

Ke, J.H., Yu, Y., Yan, B., Ren, Y. Asset Risk Diversity and Portfolio Optimization with 
Genetic Algorithm. Recent Advances on Applied Mathematics and Computational Methods 
in Engineering, 2014, ISBN: 978-1-61804-292-7. 

Kim, W. C., Kim, M. J., Kim, J. H., & Fabozzi, F. J. (2014). Robust portfolios that do not tilt 
factor exposure. European Journal of Operational Research, 234, 411-421. 

Liagkouras, K. (2019). A new three dimensional encoding multi objective evolutionary 
algorithm with application to the portfolio optimization problem. Knowledge-Based Systems, 
163: 186-203. 

Maenhout, P. J. (2004). Robust portfolio rules and asset pricing. Review of Financial Studies, 
17(4):95 1-983. 14, 17, 20, 21 

Masoumi Soureh, H., Farsad Amanollahi, GH., Comparative evaluation of fuzzy logic and 
genetic algorithms models for portfolio optimization. Management Science Letters 7(2017) 
247-254. 

Muhlemann, A. P., Lockett, A. G., & Gear, A. E. (2006). PORTFOLIO MODELING IN 
MULTIPLE-CRITERIA SITUATIONS UNDER UNCERTAINTY .Decision Sciences, 9(4), 
612-626. 





84. 


85. 


86. 


87. 


88. 


89. 


90. 


Journal of Management Studies 


Papahristodoulou, C., & Dotzauer, E. (2004). Optimal portfolios using linear programming 
models. Journal of the Operational research Society, 55(11), 1169-1177. 

Pflug, Georg, David Wozabal. 2007. Ambiguity in portfolio selection. Quantitative Finance 
7(4) 435-442. 

Sharma Vipul, P. (2015). Performance of risk-based portfolios under different market 
conditions: Evidence from India. Research in International Business and Finance, 34:397-411. 
Shadkam, E., Delavari, R., Memariani, F., Poursaleh, M. PORTFOLIO SELECTION BY THE 
MEANS OF CUCKOO OPTIMIZATION ALGORITHM. International Journal on 
Computational Sciences & Applications (IJCSA) Vol.5, No.3, June 2015. 

Stefanovits, D., Schubiger, U., V. Withrich, M. Model Risk in Portfolio Optimization. Risks 
2014, 2, 315-348. 

W. Yu, K. Yang, Y. Wei, L. Lei, Measuring value-at-risk and expected shortfall of crude oil 
portfolio using extreme value theory and vine copula, Physica A (2017), 
http://dx.doi.org/10.1016/j.physa.2017.08.064. 

Fekri, M., Barazandeh, B. (2019). Designing an Optimal Portfolio for Iran's Stock Market with 
Genetic Algorithm using Neural Network Prediction of Risk and Return Stocks. 

arXiv: 1903.06632 


